This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM QR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox; 



This Page Blank (uspto) 



PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
iniemationiil Bureau 




INTERNATIONAL APPLICATION PUBLIS HED UNDER TOH PATEf^ COOPE RATON TOEATY (PCT) 

' WO 97/25437 



(51) international Patent Classification 6 : 
C12Q 1/37, C07K 17/14, 7AM 



Al 



(11) IntemationaJ Publication Number: 
(43) International Publication Date: 



17 July 1997 (17.07.97) 



(21) Internalional Application Number: p(rr/NL97/{XXX)2 

(22) International Filing Date: 2 January 1997 (02.01.97) 



(30) Priority Data: 

96200017.0 4 January 1996(04.01.96) EP 

(34 ) Countries for which the regional or 

iniernaiiona! application was filed: NL ct al. 

(71) Applicant (for ail designated States except US): NED- 

ERLANDSE ORGANISATIE VOOR TOEGEPAST- 
NATUURWETENSCHAPPELUK ONDERZOEK TNO 
(NUNL]; Schocmakcrstraat 97. NL-2628 VK Delft (NL). 

(72) Inventors; and 

(75) Invcntors^Applicants (for US only): TE KOPPELE. Johannes. 
Maria (NLyNL]; Mercurius 6, NL-2353 WP llciderdorp 
(NL). BEEKMAN. Bob INUNL); Stationsplcin 56, NL- 
2312 AL Leiden (NL). 

(74) Agent: DE BRUIJN. Lecnden, C; Ncdtrlandsch Octrooibu- 
reau. Scheveningscwcg 82, P.O. Box 29720. NL-2502 LS 
The Hague (NL). 



(81) Desienated States: CA. JP. US. European paieni T. BE. CH. 
DE. DK. ES. n, FR. GB. OR. IE. IT. LU. W:C. NL. PT. 
SE). 



Published 

W(fA international search report. 



(54) Title: METHOD FOR ASSAYING PRO-reOLYTIC ENZYMES USING FLUORESCENCE-QUENCHED SUBSTRATES 
(57) Abstract 

A method is disclosed for assaying a proteolytic enzyme comprising: (a) incubating an ^^^P'^.^jf^^ ''^^^^^^ 

fiuo^scencc-quench«J pcptid having tl^ formula (JucSub-Ru^Spa-Car or Flu-Sub-Que- Spa-Car J^^^'il-Pr^ 
a specific cleavage site for said proteolytic enzyme; Flu is . fluorophore; Que .s a quencher ^fP^fJ=^;J^;f'!^'"« ^^^^ 
emiued by the fiuorophore; Spa is a din^i bond or a spacing chain; and Car is a water-.nsolubte ^^^"^^^ 
optionally separatingThe liquid from the canier material; (c) irradiating said earner matenal and mcasunng fluorescence. Also disclosed 
immobilised sutetrat^s containing specific amino acid sequences for use in such an assay, especially m an assay fo: aggrecanase. and 
metaltoproicinasc-1. -3 and -13 activity. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the froni pages of pamphlets publishing iniemaiional 
applications under (he PCT. 



KM 


Armcni* 


AT 


Ktiunt 


KM 


Auimlia 


BB 


-BcrtLadot 


BF. 


Bel|h»m 


BF 


Bviktru Fuo 


BC 




BJ 


Benin 


BR 


Bnxil 


BY 


Bettnn 


CA 


Cviad* 


CF 


Ccmn) Africm RepuMir 


CC 




CH 


Swnierland 


a 


Cte d'lvoirt 


CM 


Ccmeroon 


CN 


Ch«u 


cs 


Czechotbvkku 


cz 


Czech Republic 


DE 


Cenniny 


DK 




EC 


Ettonit 


E5 


Sptin 


PI 


Ptnltnd 


FR 




GA 





CB 


Untied KtnedoR) 


GE 


Geor|w 


CN 


GuiiKi 


CR 


Grecct 


HU 


Himfa/y 


IE 


IreUnd 


IT 


Ittly 


JP 


Jip«n 


KE 


Kcnyi 


KG 




KP 


Dcmocruk: Ptople't Reputilic 




of Kotu 


KR 


RepublK of Korea 


KZ 




U 


LiectNeTuieb 


LK 


Sri L«nk» 


LR 


Ubetii 


LT 


Lhhuinti 


LU 




LV 


Lmvu 


MC 




MD 


Rtpublic of MoklovA 


MC 




ML 


M»]i 


MN 




MR 





MW 


MiJiwi 


MX 


Moico 


NE 




NL 




NO 


Norwijr 


ST 




PL 


Polmd 


PT 


Ponuitl 


RO 


Romania 


RU 


Rusiiin Fedeniion 


SD 


Sudan 


SE 


Sweden 


SG 


Sinfiporc 


SI 


Slorvcnii 


SK 


Siovakii 


SN 

5Z 


Seaeytl 

SwuiUjK) 


TD 




TC 


Togo 


TJ 


Tijikiiun 


TT 


Triatdad ind Tobaco 


Ua 


Ubaiiu 


UC 


IJfMd* 


US 


t)n«*d Sum of America 


Ml 


Utbej itian 


VN 


Vici Nun 



wo 97/25437 PCT/NL97/00002 

Method for assaying proteolytic enzymes using nuorescencc-qucnched substrates 

The invention relates to a method for assaying a proteolytic enzyme comprising 
th? use of a substrate having a fluorescent label and a fluorescence qucnchf 

Fluorometric assays for proteolytic enzimcs, wherein a peptide substrate which 
is specifically cleaved by the enzyme and which carries a fluorophorc at one side and 
a fluorescence quencher at the other side of the cleavage site are used, are known in the 
art. For example, EP-A-428000 discloses fluorescence-quenched substrates for 
detection of viral proteolytic enzymes, the substrates consisting of peptide sequences that 
can be specifically cleaved by the viral protease, to which are attached a fluorescent 
donor such as 5-(2-aminoethylamino)naphthaicne-l-sulphonic acid (Edans), and a 
quencher, such as 4-(4-dimctbylaminophcnyla2o)bcn2oic acid (Dabcyl). Upon contact 
with the specific proteolytic enzyme, the peptide is cleaved and the fluorescent donor 
is detached from the quenching acceptor, so that irradiation leads to a detectable 
fluorescence which is a measure for the specific enzymatic activity. A similar system 
for the detection of retro%-iral proteases is disclosed in EP-A-435845. Fluorogenic 
substrates that can be selectively hydro! yscd by matrix metalloproicinase-3 (MMP-3) 
and to which a substituted coumarin and 2,4-dinitrophenyl arc bound as a fluorophore 
and a quencher respectively, arc described by Nagasc ei al., J. Biol. Chcm. 262, 20952- 
20957 (1994). A general method for the preparation of such internally quenched 
fluorogenic protease substrates with the Edans/Dabc>'l system, is described by Maggiora 
el al., J. Med. Chem. 35, 3727-3730 (1992). 

Although these known substrates and methods allow proteolytic enzymes to be 
assayed with reasonable accuracy, known substrates and methods with fluorogenic 
proteinase substrates have been applied with purified enzymes and hardly with complex 
biological media (e.g. cell culture media, synovial fluid and other tissue fluids). These 
substrates and methods arc likely to be subject to disturbances by fluorescent or light- 
absorbing constituents of more complex solutions than purified enzymes. According to 
the invention, a method is provided for quantitatively assaying proteolytic enzymes, 
using immobilised fluorescence-quenched substrates. 

With the immobilised fluorescence-quenched substrates, e.g. on microliter 
plates, the fluorescent fragments remain attached to ihc insoluble carrier after proteolytic 
cleavage. Thus, disturbing components of the reaction mixture (e.g. blood) can easily 



wo 97/75437 2 PCT/NL97/00002 

be washed away, providing a clean solution for use in the actual measurement. As a 
result, a more sensitive and reliable assessment of proteolytic enzyme activity is 
achieved. 

Small peptide substrates for proteolytic enzymes suffer from the disadvantage 
5 that they may still be hydrolyscd by high molecular weight complexes of proteinase and 
inhibitor, as is the case with matrix mctalloprotcinases inhibited by a2-macroglobulin 
(a2MG). Inasmuch as MMP-a2MG complexes arc unable to hydrolysc the high 
molecular-weight physiological substrates such as proteoglycans, plasma proteins and 
collagen proteins, soluble peptide substrates overestimate the actual proteolytic activity. 
10 Immobilised fluorescence-quenched proteinase substrates are not hampered by this 
disadvantage: as a result of their immobilisation, they are not converted any more by 
MMP-a2MG complexes. In this event, and all events mentioned below, 'immobilised' 
is not limited to an insoluble carrier. Also, soluble carriers such as albumin, and 
macromolcculcs derived by any means, arc applicable. In this context, macromoleculcs 
15 are understood as having a molecular weight of more than 5 kDa, especially more than 
lOkDa. 

Another aspect of the immobilisation procedure is that the carrier (microtitcr 
plate, paper or other strip) can be dried before performing the assay. This offers the 
advantage that reproducible and convenient assay kits can be developed which require 

20 minimal cffon of the testing person. More imponantly, the "dry format assay" allows 
assessment of proteolytic activity without dilution of the sample: it can be applied 
directly to the carrier. Thus, dilution of biological samples wiih proteolytic enzymes 
containing reversible, synthetic inhibitors is avoided. This is an advantage since dilution 
of such samples is likely to disturb the equilibrium of proteolytic enzyme and inhibitor 

25 . with the consequence that artcfactual data arc obtained. 

Immobilisation of fluorescence-quenched substrates offers additional new 
possibilities lo assess cnz)'mc activity of proteinases. 

1) When immobilised in acrylatc gel, zymography-type of assays (sec Hanemaaijcr et 
al. Biochem. J. (1993) 296, 803-809) can be performed: first the proteolytic enzymes 
30 and their pro-forms are separated on the basis of their molecular weight. After electro- 
phoresis components like sodium dodccyl sulphate have been washed off, proteinases 
and preforms renaturaic and become active. With immobilised fluorescence-quenched 
substrates, an increase in fluorescence is obscr\cd. Advantages over conventional 
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zymography arc: peptides represent more general substrates (e.g. within one gel. several 
MMP's and preforms can be detected, in contrast to conventional zymography, where 
the included substrate gelatin, casein or other makes the assay more or less specific for 
one (group oO enzymes; selectivity towards specific proteinases can be achieved by 
selection of the proper peptide sequence. As such, synthetic pcptidcs.allov a far greater 
range of substrates to be used than physiological substrates: limited sources of, for 
instance collagen, arc available. Furthermore, the use of immobilised fluorescence- 
quenched substrates allows continuous monitoring of fluorescence (in contrast to the 
"end point" conventional zymography method). Thus, low levels of proteinases can be 
detected in the presence of excessive amounts of other proteinases by determination of 
fluorescence at late and early points in time, respectively, nuorcscencc-quenchcd 
zymography is a very sensitive technique, since fluorescence can be sensitively 
measured. In addition, it is a quantitative method, and it measures by an increase of a 
signal rather than a decrease in a signal as is the case with conventional zymography. 

2) Immobilised fluorescence-quenched peptides may be applied in cell culture systems: 
growing cells on culture plates coated with fluorescence-quenched peptides allows 
assessment of production of proteolytic cnzv mcs by the cultured cells. The peptides may 
also be physically (non-covalcntly) bound for studying cell migration. 

3) nuorcscencc-quenchcd peptides may be applied with tissue sections by bringing 
tissue in comact with a fluorescence-quenched substrate: fluorescence microscopy 
allows measurement of proteolytic enzyme activity at cellular level. This application can 
be performed with dissolved substrate, preferably in viscous medium such as polyvinyl 
alcohol or agarose to reduce diffusion of fluorescent products. Most ideally, the substrate 
is covalenily bound to a macromolcculc used to coat the histological support, or 
covalcntly bound to the support directly. 

Proteinases are known to participate in tissue remodelling during physiological 
and pathological processes, through enzymatic digestion of various components of the 
extracellular matrix. Variation of active proteolytic enzymes may regulate the local 
accumulation or resorption of extracellular matrix, for instance in atherosclerosis, 
cartilage and bone turnover, and wound healing. Detection of proteolytic enzymes by 
immunohistology allows assessment of local amounts of proteinases. However, available 
antibodies do not distinguish between the pro-form, the active form, and the inhibited 
form of the enzyme. It would be more appropriate to have a methodology to assess the 
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local enzyme activity of proicolytic enzymes rather ihan use the known immunological 
detection techniques. Such activity assay has been described recently by Galis et at. 
(FASEB J., 9 (1995) 974-980) with in situ zymography. Like SDS-PAGE fonnat 
zymography, this represents an **cnd point" assay. Immobilised fluorescence-quenched 
substrates ars perfectly suitable for ust in microscopic localisation of active proteinases, 
because such use (1) allows local measurements, (2) allows measurements in time, 
(3) represents a quantitative method, (4) measures increase in signal rather than decrease 
in signal, (5) allows tissue section to be removed with continued monitoring of 
fluorescence (the tissue section has made an imprint), (6) is relatively easy to perform, 
(7) is applicable with virtually any buffer. With respect to items 2, 4, 5, 6 and 7, 
immobilised fluorescence-quenched substrates are superior over in situ zymography 
formal as described by Galis et al. 

The method according to the invention comprises: 

(a) incubating an enz)'mc-containing sample with an immobilised fluorogcnic 
peptide having the formula 

Que-Sub-Flu-Spa-Car 
or 

Flu-Sub-Que-Spa-Car 

wherein 

Sub is a peptide chain containing a specific cleavage site for said proteolytic 
enzyme; 

Flu is a fluorophorc; 

Ouc is a quencher capable of absorbing fluorescent radiation emitted by the 

fluorophore, which may also be the same groups as Ru; 

Spa is a direct bond or a spacing chain; and 

Car is an insoluble and/or macromolccular carrier; 

(b) optionally separating the liquid from the carrier material; 

(c) irradiating said carrier materia! and measuring fluorescence. 

Apart from the symbols Flu, Sub, Que, Spa and Car defined above, the 
following abbreviations are used in this specification: 
Aad a-aminoadipic acid 
Abu a-aminobutyric acid 
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Cha p-cyclohcxylalaninc 

Dabcyl 4-(4-dimcthylaminophcnylazo)bcnzoic acid 

DMF dimcthy If orm amide 

DMSO dimcthylsulphoxidc 

DNP dinitrophcnyl 

Eaca E-aminocaproic acid 

Edans 5-(2-aminocthylamino)naphthalcnc-l -sulphonic acid 

EDTA cThylcncdiaminctctraacctic acid 

EGS cthylcncglycol-bi5(succinimidyl succinate) 

Emc S-mcrcaptocthyicystcint 

Fmoc 9-fluorcnylmcthoxycarboTiyl 

Gaba y-aminobutyric acid 

HPLC high performance liquid chrcmnatography 

Hsc homoscrinc (a-amino-y-hydroxybutyric acid) 

Hyp 4-hydroxyprolinc 

Mca 7-methoxycoumarin-4-acctic acid 

Mcc 7-mcthoxycoumarin-3-carboxylic acid 

MMP matrix mcialloprotcinasc 

Nma N-mcthylanthranilic acid 

NMM N-methyimorpholinc 

NMP N-mcthylpyiTolidonc 

Nlc norlcucinc (a-aminocaproic acid) 

Nva norvalinc (a-aminovalcric acid) 

Om ornithine (a,6-diaminovaicric acid) 

PA plasminogen activator 

PAGE poIyacr>'lamidc gel electrophoresis 

PBS phosphate buffered saline 

SDS sodium dodccyl sulphate 

Sec S-cihylcystcine (a-aminp-p-cthylihio-propionic acid) 
Smc S-mcthylcysicinc (a-amino-^-mcthylthio-propionic acid) 
TFA trifluoroacclic acid 
Tris iris(hydroxymcthyl)aminomcthanc 

In the method according to the invention, the peptide chain Sub is selected in 
accordance with the specific proteolytic enzyme activity under assay. Proteolytic 
enzymes currently known can be divided in serine proteases (EC number 3.4.21), 
cysteine proteases (EC 3.4.22), aspanic proteases (EC 3.4.23), and mctalloproieascs 
(EC 3.4,24). For example, for the matrix mctalloprotcinases (MMP) the cleavage site is 
Gly-Lcu and the amino acid sequence to be recognised by the MMP enzyme may be 
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Pro-Xax-Gl)'-Lcu, wherein Xax is any amino acid, in particular Pro-Gln-Gly-Lcu or 
Pro-Lcu-Gly-Lcu. As anoihcr example, plasmin specifically cleaves at the carboxyl 
function of lysine, and the specific sequence may e.g. be Ile-Phc-Lys-Xay. These and 
other specific protease substrate sequences arc known in the art. Clinically important 
p:-j:cases comprise the following: factor Vila. lacior IXa, faaor Xa, APC, thrombin, 
t-PA, u-PA, plasmin, tr)'psin, chymotrypsin, cntcrokinasc, pepsin, cathcpsins, 
angiotensin converting enzyme, matrix mctailoprotcinascs (collagenascs, stromclysins. 
gelatinases), clastase, Cir and Cis. 

Some proteases with the relevant substrate specificity are as follows: 
Cathepsin C: Cysteine protease catalysing the successive removal of N-terminal 
dipcptidcs form polypeptides. The reaction rate is dependent on the penultimate amino 
acid» whereby hydrophilic and hydrophobic residues arc accepted. Degradation is 
blocked by N-ierminal Lys or Arg. Pro as the second or third amino acid also prevents 
cleavage. 

Chymotrypsin: Serine cndopcpiidasc specifically hydrolysing peptide bonds at the 
C-termini of Tyr, Phc and Trp. Leu, Ala, Asp and Glu arc cleaved at lower rates. 
Acts also upon amides and esters of susceptible amino acids. 

Elastase: Serine cndopeptidasc, hydrolysing peptide bonds at the C-terminal side of 
amino acids with uncharged non-aromatic side chains like Ala, Val, Leu, Gly and Ser. 
Factor Xa: Serine cndopeptidasc. hydrolysing specifically peptide bonds at the 
carboxylic side of Arg within the sequence -Ile-Glu-Gly-Arg-Xaz (Xaz is any amino 
acid). 

Kallikrcin: Serine cndopeptidasc, preferentially hydrolysing peptide and ester bonds at 
the carboxylic side of Arg, especially at Phc-(or Leu-)-Arg-Xa2 bonds.- 
Pepsin: Aspartic cndopeptidasc with broad specificity. Cleaves preferentially bonds at 
the carboxylic side of Phc, Met, Leu or Trp which is bound to another hydrophobic 
residue. Tyr-Xaz bonds arc relatively resistant. 

Plasmin: Serine cndopeptidasc hydrolysing peptide and ester bonds at the carboxylic side 
of Lys or Arg. 

Subrilisin: Unspccific serine cndopeptidasc that cleaves most peptide bonds, especially 
those adjacent to Asp, Glu, Ala, Gly and Val. 

Thcrmolysin: Unspccific Zn-mctallopcptidasc that hydrolyscs peptide bonds involving 
the amino group of hydrophobic amino acids with bulky side chains like He, Leu, Met, 
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Phc, Trp and Val. The presence of Pro at the C-tcrminus of a hydrophobic amino acid 
prevents cleavage at the N-tcrminus of the latter. 

•nirombin: Serine cndopeptidase. hydrolysing specifically proteins and peptides at the 
carboxylic side of the basic amino acids Arg and Lys. Amide and ester bonds of Arg 

5 and Lys arc cleaved as well. 

Trypsin: Serine endopcptidase, hydrolysing specifically proteins and peptides at the 
carboxylic side of the basic amino acids Arg and Lys. Amide and ester bonds of Arg 
and Lys are also cleaved. 

The method is suitable e.g. for assaying aggrecanase activity. Known 

10 aggrecanase cleavage sites (shown below with *) that can be used in such an assay 
include the following: 

^9n»_Thr-niu- rily-rilu*Ala-ATg -Glv-Ser-^^^Val human and bovine aggrccan 
^^Ti^.Thr-nin- niv-niu * Ala-Arp -Glv-Asn-^^^Va! rat aggrccan 
^^^Alfl-Ser-fi]u- l^u-Glu*Glv-Arg -Glv-Thr-^'''^°Ile human aggrccan; similar 

15 sequence in rat aggrccan (residues 1270-1279) 

^'^^°Phe-Lys-Glu- Glu-Glu*Gly-Leu -Glv-^'^^^cr human aggrccan; similar 

sequence in bovine aggrccan (residues 1459-1467) 
i455p^f_ATg-filu- nit»-GliiAGlv-Tju -Glv-^^^^Scr rat aggrccan 

^^^Vf>-Thr-Ala- Gln-Glu*Ala-Glv -Glu-Glv-^^^'^Pro human aggrccan; similar 

20 sequence in bovine aggrccan (residues 1564-1573) and rat aggrccan (residues 

1560-1569) 

^^^^r»Ile-Ser- Gln-Glu*Leu-Glv -Gln-Are-^"'^Pro human aggrccan 
^^^r-Va1-Ser- Gln-Glu * I^u-Giv -Gln-Arp-^^^->ro bovine aggrccan 
»<^r-Val-yier- nin-niii*l^i]-Glv -His-G]v-^^^Pro rat aggrccan 

25 These sequences have SEO ID No's: 1^9, respectively. 

In these sequences, the underlined part should be present, optionally with conserved 
mutations, e.g. Ala, Abu, Val, Nva or Leu for Gly; Ala, Abu, Val, Nva, He or Nle for 
Leu; Gly, Abu, Val, Nva. Leu, He or Nle for Ala, Gln/Glu. Asn/Asp or Aad for Glu or 
Gin; Lys, Om, His or Trp for Arg. Preferably one more amino acid at either slide, 

30 particularly two more and optionally three more amino acids at cither side of the 
underlined part arc present, also possibly with conserved mutations. Ii is often 
advantageous to include in the substrate a further partial sequence of e.g. 50-150 amino 
acids corresponding to the relevant aggrccan cither in the sequence Sub or in Car or in 
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Spa. For the aggrccans, such a further sequence is preferably derived from the C- 
tcrminal region with respect to the cleavage site. An example is the human aggrccan 
sequence 382-477 as depicted in SEO ID No: 10, which may contain one or more 
mutations. 

5 The method is also suitable e.g. for assaying degradation of aggrecar by matrix 

mctalloproicinascs. The known MMP cleavage site (shown below with *) that can be 
used in such an assay includes the sequence: 

^^Asp-Phe-Val-Asp-Ile- Prf>-A5;n*Phe-Phc -Glv-Val-Glv-Gly-^^nin (SEO ID 
No: 11) (human aggrccan, cleavage by MMP-1, -2, -3, -7, -8, -9, and -13). In the 

10 sequence of the substrate, the underlined pan should be present, conscn-ativc exchanges 
of "'Pro (e.g. by Hyp) and ^''^Phe (e.g. by Tyr, Trp of Cha) being allowed. Preferably^ 
one more amino acid at either side, particularly two more and optionally three more 
amino acids at cither of the underlined part is present. Here also, it may be advantageous 
10 include a further partial sequence of e.g. 50-150 amino acids corresponding to the 

15 relevant aggrccan, which may be derived both from the N-tcrminal side and from the 
C-terminal side of the cleavage site. 

The method is also suitable e.g. for assaying matrix metalloprotcinasc activity. 
Cleavage sites that can be used specifically e.g. for an MMP-13 assay include the 
sequence Ala-Arg-Gly-Scr, wherein Ala and G!y may be replaced by another aliphatic 

20 amino acid and Scr may be replaced by another hydroxy- aliphatic or aliphatic amino 
acid. Thus, a selective substrate for MMP- 13 may be e.g. Dabcyl-Gaba-Ilc-Thr-Glu- 
G]y-Gly-Ala-Arg*Gly-Scr-Glu(Edans)-Ilc-Lys-NH2) (SEQ ID No: 12). Another 
cleavage site thai can be used specifically for an MMP- 13 assay includes the sequence 
Arg-Gly-Leu-Clu, wherein. Arg may be replaced by another positively charged amino 

25 acid, or analogue, and Gly and/or Leu may be replaced by another aliphatic amino acid. 
Thus, a selective substrate for MMP- 13 may be e.g. Dabcyl-Gaba-Pro-Arg-Gly*Ijeu- 
Gl u(Edans)- Al a- Lys-N H2 . 

Similarly, Dabcyl-Gaba-Arg-Pro-Lys-Pro-Val-Glu*Nva-Trp-Arg-Glu- 
(Edans)-Gly-Lys-NH2 ^^^^ ^ selective fluoresccncc- 

30 quenched substrate for stromclysin (MMP-3); the amino acid sequence thereof was 
found by of Nagase et al (Nagasc H, Fields CG, Fields GB. J. Biol. Chcm. 269 (1994) 
20952-20957) to be highly selective for MMP-3. The subsequence (Pro)-Val-Glu- 
Nva-Trp-(Arg) should be present, with possible conscn-cd variations. 
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Also Dabcy 1-Gaba-Pro-Cha- Abu * Smc-Hi^ • . Ala-Glu(Edans)-G!y-Lys-NH2 
(SEQ ID No: 14) may be used as a selective substrate for assaying enzyme activity of 
interstitial collagcnase (MMP-1); the amino acid sequence Cha-Abu-Smc-His was 
found by McGcchan et al. (McGcehan GM, Bickctt DM, Green M, Kasscl D, Wiseman 
5 JS, t. :oan J., J. Biol. Chcm. 269 (1994) 32814-32820) to form a superior substrate 
over the natural sequence Uu-Gly-Uu-Trp. Variations thereof, such as Uu for Cha; 
Gly or Ala for Abu; Leu, Sec or Emc for Smc; and Trp for His» are also useful. 

The fluorophorc (Flu) can be a substituted amino acid or another substituted 
group capable of being attached to a peptide sequence, such as a substituted mcrcapto- 
10 acid, wherein the side-chain -of the amino acid or other group carries the fluorescent 
moiety. The substituted amino acid may be a lysine, ornithine or other a,iu-diamino 
acid, to which the fluorescent moiety is bonded at an amino group, or Glu, Asp or Aad, 
to which the fluorescent moiety is bound by means of the terminal carboxyl function, 
or cysteine or other thiol-containing amino acid binding the fluorescent moiety through 
15 the thiol function. 

instead of being attached at the side chain of the peptide chain, the fluorophore 
may be attached between two amino acids, and thus be positioned in the peptide chain. 
In this embodiment, the fluorophore may contain e.g. an amino, mercapto, or hydroxy 
function at one end, and a carboxy function at the other end. 
20 Fluorophores to be used in the substrates arc known in the art. Suitable fluoro- 

phores comprise Edans described above and other aminonaphthalcnesulphonic acids, 
coumahn, substituted coumarins such as 7-mctho>:ycoumarin-4-acetic acid (Mca) or 
7-mcthoxycoumarin-3-carboxylic acid (Mcc), tr)'ptophanc, N-methylanthranilic acid 
(Nma). The fluorophores may have excitation wavelengths between e.g. 250 and 400 nm 
25 and emission wavelengths e.g. between 370 and 550 nm. 

. The quencher (Que) can be attached to the specific substrate sequence e.g. by 
means of its carboxyl function, optionally through one or more spacing amino acids such 
as <r)- amino- alkanoic acids, in particular Y-aminobutyric acid (Gaba), E-aminocaproic 
acid (Eaca), ornithine or lysine. If the qucnchcrjs placed between the fluorophorc and 
30 the carrier (formula Hu-Sub-Que-Spa-Car), it may be attached at the side chain of an 
amino acid or in between two amino acids, as described above for Flu. 

Quenchers to be used in the substrates arc known in the art. Suitable quenchers 
include Dabcyl described above and other aminophenylazobenzoyl derivatives and di- 
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nitrophcnyl (DNP) and derivatives. The quencher preferably has an absorption wave- 
length that corresponds to the emission wavelength of the fluorophorc. TTicrcforc the 
quencher and the fluorophorc arc matched. Examples of suitable combinations of fluoro- 
phorc and quencher are Edans/Dabcyl, coumarin/DNP. tryptophane/DNPand Nma/DNP. 
Since quenching of fluorescence may also occur ociv.-ecn tv^'c identical fluorophorcs, 
efficient quenching can also be achieved when Que = Flu. The fluorophorc and the 
quencher should be placed at such a distance that intramolecular energy transfer between 
the two is possible. This requirement will usually be met when the amino acid chain 
between the fluorophorc and the quencher comprises 4-10 amino acids, especially 5-8 
amino acids, or when the spatial distance between the fluorophorc and the quencher 
corresponds to such a chain distance. 

The spacing chain Spa may be a direct bond, a chain of one or more atoms, or 
a peptide or other chain providing sufficient distance between the substrate peptide and 
the insoluble carrier. The spacing chain can e.g. comprise one or more Q)-amino acids 
such as Eaca. At its terminus, the spacing chain contains a group capable of covaleni 
or other (e.g. biotin/avidin) coupling to the insoluble carrier. Coupling with the carrier 
may be established through homo- or bifunctional crosslinking agents coupling with 
amino, thiol or carboxyl functions. Suitable crosslinking or coupling agents include 
glutaric dialdchyde and commercially available amino-, sulpho- or carbo-link reagents. 
Coupling can also be performed by acrylatc derivatives which can be incorporated in a 
polyacrylatc matrix. 

Preferably, the spacing chain and the carrier are bound to the substrate chain 
at its carboxyl terminus. If it is necessar)' for the coupling group at the end of the 
spacing chain to be bound to an amino terminus of the spacing chain, the "polarity" of 
the amino acid chain can be inversed by the introduction of e.g. a lysine or other a,ti)- 
diamino acid. For example, a suitable spacing chain consists of a lysine residue, to 
which at its co-amino p>osition a Eaca residue is bound, to which, in turn, an acryloyl 
group is bound. 

The insoluble and/or macromolccular carrier Car can comprise any conventional 
solid support used in biochemical assays. These include microtiter plates, paper strips, 
synthetic polymer strips, beads, resins, acrylatc matrices (e.g. gels), glass, for instance 
after coating, and proteins. 

The insoluble and/or macromolccular carrier Car can also comprise a macro- 
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molecular, dispersed or soluble, structure for use of the substrate as a model for natural 
enzyme substrates. This is especially useful when measuring enzyme activity depending 
on inhibitors and the like: a relatively small synthetic substrate not having a macro- 
molecular carrier could be cleaved despite the presence of an inhibiting complex and 
thus measure an activity that v^ould not be available for a "natural" macromolccular 
substrate. 

The sequence Quc-Sub-Flu-Spa-Car described above is often preferred over 
the sequence Fiu-Sub-Quc-Spa-Car, except when used as a macromolecular, dispersed 
or soluble substrate as describe above. 

In a typical arrangement, a plurality of groups Flu-Sub-Quc-Spa- is attached 
to a single carrier, resulting in the formula (Flu-Sub-Ouc-Spa)n-Car. In exceptional 
cases where a gigh desnity of fluorophorcs is present (e.g. when n i 20, e.g. between 
50 and 100), efficient quenching may be achieved without Que groups. 

The method of the invention allows enzyme assays in various embodiments: 
1) determination of enzyme activities in zymography format (substrate immobilised in/on 
acrylatc gcl); 2) enzyme mcasurcmcm in microliter plates and on or in other solid 
supports, allowing undiluted biological samples to be assayed and disturbing constituents 
of the biological matrix to be easily washed out; 3) assessment of proteolytic enzyme 
activity in tissue sections (histology); 4) enzyme measurement in solution or dispersion 
to mimic natural macromolccular substrates. 

The proteolytic enzymes to be assayed using the method of the invention 
comprise all proteases including serine proteinases, cysteine proteinases, aspartic 
proteinases and mcialioprotcinascs. The method is particularly useful with cndoprotcina- 
ses. A prcfcTTcd class of proteinases to be assayed with the present method comprises 
the matrix mctalloprotcinascs (MMP's) including collagenascs, gclatinascs and strome- 
lysins. The MMP's play a role in wound healing, rheumatoid arthritis and ostcoanhritis, 
tumor invasion and angiogcncsis, through cell migration, cartilage degradation and basal 
membrane degradation and metastasis, respectively, and thus the activity of these 
enzymes is an important indicator for these conditions. An important advantage of the 
present method is that not only the active enzymes (MMFs) arc detectable, but also the 
pro-enzymes, if the substrate is immobilised on or in acrylamide gcl in zymography 
formal. 

The method of the invention can further be improved by selective removal, 
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prior to the assay of the proteinase under investigation, of other proteolytic enzymes, e.g. 
using specific antibodies or other selective binding agents, by selective binding of the 
proteinase under investigation (with antibodies or other selective binding techniques) 
followed by separation of the unbound enzymes, or by addition of selective inhibitors 
5 of other proteolytic cnz>'mes, or by addition of a selective inhibitor of the proteinase 
under investigation; in this latter case, the final result is obtained by substraction of the 
activity measured after inhibition from the total activity measured. All such assays 
include measurements of enzyme activities without sample prctreatment, or with any 
form of prcircatmcnt of the biological sample including activation of pro-enzymes. 

10 EXAMPLES 
Example 1: 

5vnfAf.Tf.T of fluorogenic /?c;7fte 
Synthesis of Fmoc - Ciu (Edans )-OH 

To a stirred solution of Fmoc-Glu(OH)-0-tcn-butyl (1.7 g, 4 mraol), Edans (1.07 g, 
15 4 mmol) and bcn20tria2olc-l-yloxy-ins(dimcthylamino)-phosphonium hcxafluoro- 
phosphate (1.77 g, 4 mmol) in 10 ml DMF was added at room temperature to di-iso- 
propylcthylaminc (2ml, 12 mmol, dcstillcd from CaH^). After 2 h the reaction was 
complete (silica thin layer chromatography with toluene/acetic acid, 9/1, v/v). To the 
reaction mixture was added 50 ml CH2CI2 and 50 ml 0.5 M KHSO4. The organic layer 
20 was washed wiih 0.1 M KHSO^ and H^O, dried on MgS04, and evaporated in vacuo 
to yield 2.8 g of oil. To remove the tcrt-butyl group, 10 ml glacial acetic acid and 1 ml 
12 N HQ were added. After stirring for 1 h, the solvents were evaporated in vacuo. 
Traces of acetic acid were removed by co-evaporation with DMF (2 x 10 ml) The 
product was purified by reverse-phase HPLC (RP-HPLC) in 45 % yield (CI 8 column 
25 using a acetonitrilc gradient in 0.1 % TFA in H2O). 

Synthesis of fluorescence -quenched Dabcyl /Edans peptides 

Substrates were synthcsiscd at 10 nmol scale by solid phase chemistry on an automated 
multiple synthesiser using tcntagelS AC (loading 0.2 jicq, particle size 90 ^m). 
Repetitive couplings were performed by adding a mixture of 90 ^1 0.67 M PyBOP 
30 (bcn20triazoIc-l-yl-oxy-tris-pyrrolidino-phosphoniumhcxafluorophosphaie)inNMP. 
20 ^l NMM (N-methylmorpholinc) in NMP (2/1, v/v) and 100 ^l of an 0.6 M solution 
of the appropiatc Fmoc-amino acid in NMP. Coupling of Fnioc-Glu(Edans)-OH was 
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performed with a 10-fold excess for 3 h. The Dabcyl moiety was coupled with a 
suspension of 10 equivalents p-(p-dimcthylaniino-phcnyla2o)bcnzoic acid, 10 equi- 
valents PyBOP and 20 equivalents NMM in 250 ^l NMP for 3 h. Cleavage from the 
resin and removal of the protecting groups was performed by adding 200 ^1 TFA/HjO 
(19/1, v/v) to the reaction vessel (6 times at 5 min intcr\-als). Three hours after the first 
TFA/HjO addition, the peptides were precipitated from the combined filtrates by 
addition of 10 ml cthcr/pcntane (1/1, v/v) and cooling to -20*'C, after which the peptides 
were isolated by centrifugation (-20^C, 2,500 g, 10 min.)- Subsequently, peptides were 
purified by RP-HPLC.with a SuperPac Pcp-S 15 ^m 9.3 x 250 mm column. Purity and 
identity of the peptides was established by RP-HPLC (acetonitrilc gradicm in 0.1 % 
TFA in H.O) and b)' TOF^MALDI mass spcciromcto'- 

Thus. fluorescence-quenched Dabcyl-Gaba-Ilc-Thr-Glu-Gly-Glu * Ala-Arg-Gly-Ser- 
-GluCEdans)-Ile-Lys-NH2 (SEO ID No: 15) was synthcsised as a fluorescence- 
quenched substrate for aggrecanasc, to be coupled to a carrier protein of about 100 
amino acids, and Dabcyl-Gaba-Pro-Gln-Gly*R as substrates for MMPs (examples^of 
R: -Lcu-Phc-Ala-Glu(Edans)-Ala-Lys-NH2 (SEQ ID No: 16); -Uu-Phe-Giy-Glu- 
(Edans)-Ly5-NH2 (SEO ID No; 17); -Lcu-Glu(Edans)-Ala-Lys-NH2 (SEQ ID No: 
18); -Uu-Glu(Edans)-Gly-Lys-NH; (SEO ID No: 19); -Uu-Glu(Edans)-Gly-NH2 
(SEQ ID No: 19 without terminal Lys); cleavage site). Moreover, R = Ala-Arg*- 
GIy-Scr-GIu(Edans)-Ile-Lys-NH. (SEO ID No: 20) was prepared as a selective 
substratcforMMP-l3.1naddition,Dabcy]-Gaba-Pro-Arg-Gly*Uu-Glu(Edans)-Ala- 
Lys-NHn (SEQ ID No: 21) was synthcsised as a selective substrate for MMP-13. In 
this latter sequence Leu may be replaced or even deleted. 

Example 2: 

Immobihsation of fluorescence -quenched peptides on silica beads 
To 1.0 ml of fluorciccnce-qucnchcd peptide solution (Dabcyl-Gaba-Pro-Gln-Gly^R; 
25 in phosphate buffered saline, R contains a lysine residue used for the immobilis- 
ation), 10 mg of aminopropyl silica beads (40 ^m diameter, 1 .4 mmol amino groups per 
gram) was added. After 15 minutes of mixing at room temperature, 20 /il EGS solution 
(25 mM in DMSO) was added. The decline in A470 (absorbancc maximum of Dabcyl) 
of the supernatant was used to monitor the reaction. Coupling was continued until A470 
ceased to decrease. After centrifugation and removal of the supernatant, beads were 
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washed successively with PBS (1.5 ml), PBS with 0.1% Twccn-20 (1.5 ml), 1 M Tris 
HCl (pH 7.5; 1.2 ml), and incubation buffer (50 mM Tris, pH 7.6; 150 mM NaCl, 5 mM 
CaCl2, l^lM ZnClj, 0.01% Brij-35; 1.0 ml). 

Upon incubation of pcpiidc-labcllcd silica beads with a mixture of aaivated gclatinascs 
(MMP-2 and MMP-9), the Dabcyl-Gaba-Pro-Gln-G]y fragment was effectively 
released from the beads into the supernatant, as verified by RP-HPLC (Cl8 column 
using a aceionitrilc gradient in 0.1 % TFA in HjO). 

EXAMPLE 3: 

Immobilisation of fluorescence -quenched peptides on glass slides 

Glass microscope slides were thoroughly cleaned by washing in 20% H2SO4, water (two 

times), 0.1 N NaOH, and water. After dryiiig, the glass slides were , placed in 

3- aminopropyltricthoxysilane for A minutes at room temperature, and rinsed with water 
and PBS (2 times). Under gentle agitation, glass slides were immersed in a solution of 
fluorescence-quenched substrate (e.g. Dabcyl-Gaba-Pro-Gln-Gly *Lcu-Phe-Ala- 
Glu(Edans)-Ala-Lys-NH2 (SEO ID No: 16) or Dabcyl-Gaba-Pro-Gln-Gly *Leu- 
Glu(Edans)-Ala-Lys-NH. (SEO ID No: 18); 25 in 1.0 ml PBS), to which 20 ^l 
EGS (25. mM in DMSO) was added subsequently. Monitoring of A470 showed that 
coupling was complete within three hours at room temperature. Blocking of N-hydroxy- 
succinimidyl groups resulting from excess EGS was performed by addition of glycine 
in PBS (50 mM final concentration, 1.0 ml) for 1 hr. All steps were performed at 
ambient temperature. 

Glass slides coated wjih fluorescence-quenched substrates were used to detca MMP 
activity in tissue sections as follows: cryostat sections (5 \im) of rabbit calvarial periost 
were placed on a substrate coated glass slide and incubated, at 37°C, in a humid 
atmosphere in incubation buffer (50 mM Tris, pH 7.6, 5 mM CaCU, 1 \xM ZnQj, 1 mM 

4- aminophenylmcrcuric acetate). Appearance of fluorescence was followed with a 
fluorescence microscope. With time, inacasc in fluorescence was obscr\*cd at the site 
of the tissue, as distinct fluorescent spnis (Fig. 1). No fluorescence was detectable at 
sites of the glass not covered with tissue. Tissue sections incubated in the presence of 
EDTA or a synthetic MMP inhibitor showed substantially lower fluorescence. Further- 
more, fluorescence of tissue sections not activated with 4-aminophcnylmercuric acetate 
was lower than that of sections activated with 4-aminophenylmercuric acetate. 
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Example 4: 

Fluorescence -quenched peptides coupled to bovine serum albumin 
Fluorescence-quenched substrate (e.g. Dabcyl-Gaba-Pro-Gln-Gly*Uu-Phe-Ala-Glu- 
(Edans)-Ala-Lys-NH2 (SEQ ID No: 16); final concentration, 25 in PBS) was 
5 conjugated to bovine scrum albumin (BSA; 2 m^m\ final concentration in PBS) by EOS 
(final concentration 0.5 mM; final volume, 2 ml) as described above. RP-HPLC analysis 
(linear gradient of acctonitrilc in 0.1 % TFAAi.O) of incubations of the BSA-substratc 
with MMP-9 confirmed proteolysis of the protein-coupled substrate: after precipitation 
of protein, the Dabcy!-Gaba-Pro-Gln-Gly fragment was detected in the supernatant. 

10 Example 5: 

Fluorescence -quenched MMP substrate that is not converted by ca-macroglobulin- 
complexed MMP 

Fluorescence-quenched substrate (e.g. Dabcyl-Gaba-Pro-Gln-Gly *Lcu-Phc-Ala- 
Glu(Edans)-Ala-Lys-NH2 (SEQ ID No. 16); 1 mM DMSO, 200 ^1) was derivatiscd 

15 with N-succimmidyl-S-acctylthioacetatc (10 mM in DMSO, 50 ^l), in the presence 
of iriethylamirc (100 mM in DMSO, 10 \x\) for 30 minutes at room temperature. After 
dc-acctylationof 80 nmol of the derivatiscd substrate (dissolved in 20 jil water; reacted 
with 25 ^! sodium phosphate buffer, 50 mM, pH 7.5, comprising 25 mM EDTA and 0.5 
M hydroxylamine, for 15 minutes at room temperature), 10 ^1 of maleimide activated 

20 ovalbumin (10 m^ml; Pierce) was added. After 2 hours at room temperature, excess 
maleimide-ovalbumin was inactivated by addition of L-cystcin (10 jjil 20 mM in water). 
After dialysis (10 kOa cut off membrane) against water and incubation buffer (50 mM 
Tris, pH 7.6, 150 mM, NaCl, 5 mM CaCU, 1 ^M ZnCU, 0.01% Brij-35), conversion 
of the ovalburTiin-coupled substrate by MMP-13 (0.5 nM) was determined by the rate 

25 of increase of fluorescence (excitation, 360 nm; emission, 490 nm; fluorescence units 
per time). 

In the presence of excess a2-macrog)obulin (5 nM; pre-incubated with MMP-13 for 
2 hours at ZS^C), less than 5% of the ovalbumin-couplcd substrate was degraded 
compared to incubations lacking a2-macroglobulin. This indicates that assays with 
30 fluorescence-quenched substrates bound to a carrier do reflect inhibition of MMP 
activity by complexing with a2-macroglobulin. 
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EXAMPLE 6: 

Incorporation of fluorescence -quenched peptides into polyacryiamide 
Fluorcsccncc-qucnchtd substrate (e.g. Dabcyl-Gaba-Pro-Gln-Gly^Lcu-Phc-Ala-Glu- 
(Edans)-Ala-Lys-NH2 (SEO ID No: 16) and Dabcyl-Gaba-Pro-Gln-GlyAUu-Glu- 
(Edans)-Ala-Lys-NH2 (SEO ID No: 18); 25 nmo! in 100 anhydrous DMSO) is 
derivatiscd into its acr>iatc derivative by addition of 75 nmol of N-(6-succininjidyl- 
oxy-6-oxyhcxyI)-acrylamidc or N-(4-succinimidyloxy-4-oxybutyl)-6-acrylamido- 
hcxanamidc dissolved in anhydrous DMSO (5 mM), and 75 nmol of tricthylamine 
(25 raM in anhydrous DMSO). The reaction was performed at room temperature and 
was complete after 3 hours (RP-HPLC). 

Acryiate derivatives of fluorcsccncc-qucnchcd peptides were purified by RP-HPLC 
(acctonitrilc gradient in 0.1 % TFA/H^O). After lyophilisation, 12.5 nmol of acrj'laie 
derivative was mixed with 3 ml (for 1 gcl) of 10% acrylamidc/bisacrylamidc solution 
(75/2, v/v), followed by casting an SDS-PAGE gel according to standard procedures. 
Samples with matrix metal loproicinascs or mixtures thereof, including inactive pro- 
forms were applied (20 ^l) followed by conventional SDS-PAGE clcarophorcsis (8 mA 
per gel, A'^C, 4 hours). After electrophoresis, acrylamidc gels were washed 3 times for 
30 minutes in wash buffer (50 mM Tris. pH 7.6, 5 mM CaClj, 1 ZnClj. 2.5 % 
Triton X-IOQ) and two limes for 10 minutes in incubation buffer (50 mM Tris, pH 7.6; 
150 mM NaCl, 5 mM CaCU, IpM ZnCK, 0.01% Brij-35)i After overnight incubation 
of the gcl at 27°C in incubation buffer, the gcl was placed under UV-light (366 nm) and 
fluorescent bands at molecular weights corresponding to the matrix metal loprotcinascs 
and their pro-forms were observed (Fig. 2). 
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SEQUENCE LISTING 



PCT/NL97/(MH)02 



(1) GENERAL INFORMATION: 

(i) APPLICANT: ^ 

(A) NAME: Nederlandse Organisatie voor TNO 

(B) STREET: Schoeinakerstraat 97 

(C) CITY: Delft 

(E) COUNTRY :NL 

(F) POSTAL CODE (ZIP),: 2628 VK 

(ii) TITLE OF INVENTION: Method for assaying proteolytic enzymes using 
fluorescence-quenched substrates 

(iii) NUMBER OF SEQUENCES: 1 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0. Version #1.25 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: PCT/NL97/000. . 

(2) INFORMATION FOR SEO ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
{D} TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

■'(xi) SEQUENCE DESCRIPTION: SEO ID NO: 1: 
He Thr Glu Gly Glu Ala Arg Cly Ser Val 

15 10 

(3) INFORMATION FOR SEO ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

lie Thr Glu Gly Glu Ala Arg Cly Asn Val 
1 5 10 
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{4} INFORMATION FOR 5EQ ID NO: 3^ 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 
{E) TYPE: amino acid 
(D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEO ID NO: 3: 

Ala Ser Glu Leu Glu Gly Arg Gly Thr lie 

1 - 5 ,10 



(5) INFORMATION FOR SEQ ID NO: U: 

ii) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
.(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: ^: 

Phe Lys Glu Glu Glu Gly Leu Gly Ser 
1 5 



(6) INFORMATION FOR SEQ ID NO: '.: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEO ID NO: 5= 

Phe Arg Glu Glu Glu Gly Leu Gly Ser 
1 5 



(7) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE Ti'PE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 6: 

Pro Thr Ala Cln Glu Ala Gly Glu Cly Pro 
1 5 - 10 



(b, INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Thr lie Ser Gin Glu Leu Gly Gin Arg Pro 
1 5 10 



(9) INFORMATION FOR SEC ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino ecid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Thr Val Ser Gin Glu Leu Gly Gin Arg Pro 
1 5 10 



(10) INFORMATION FOR SEO ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEO ID NO: 9: 

Thr Val Ser Cln Glu Leu Cly His Cly Pro 
1 5 10 
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ill) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTEP.ISTICS: 

(A) LENGTH: 96 amino acids 

(B) T*:'?E: amino acid 
(D) ':pOL0GY: linear 

(ii) MOLECULE TYPE: peptide 



ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
Val Lys Pro He Phe Clu Val Ser Pro Ser Pro Leu Glu Pro Glu Glu 

: 5 10 . 15 

Pro Phe Thr Phe Ala Pro Glu He Gly Ala Thr Ala Phe Ala Glu Val 
20 25 ' 30 

Clu Asn Glu Thr Gly Glu Ala Thr Arg Pro Trp Gly Phe Pro Thr Pro 

35 no ■ ' ^^5 

Cly Leu Gly Pro Ala Thr Ala Phe Thr Ser Glu Asp Leu Val Val .Gin 
50 55 60 

Val Thr Ala Val Pro Cly Gin Pro His Leu Pro Gly Gly Val Val Phe 
65 70 75 SO 

His Tvr Arg Pro Gly Pro Thr Arg Tyr Ser Leu Thr Phe Glu Glu Ala 
85 90 95 



(12) INFORMATION FOR SEQ ID NO: U: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: l4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Asp Phe Val Asp He Pro Asn Phe Phe Gly Val Gly Gly Glu 
1 5 10 



(13) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 
(8) T^'PE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION; SEO ID NO: 12: 

He Thr Glu Gly Gly Ala Arg Gly Ser Glu lie Lys 
1 5 

(lU) INFORMATION FOR SEQ ID NO: 13= 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURES: • 

{A) NAME/KEY: misc-f eacure 

{B) LOCATION: 7 , . 

(D) OTHER INFORMATION: /note « Val is norvaline 

(ix) FEATITRES: 

(A) NAME/KEY: luisc- feature 

\l\ 0?Seh'?nF0rSaTI0N: /note = Glu is substituted 'with Edans 

(xil SEQUENCE DESCRIPTION: SEO ID NO: 13: 

Arg Pro Lys Pro Val Glu Val Trp Arg Glu Gly Lys 
.1 5 

(15) INFORMATION FOR SEO ID NO: 1^4: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 9 amino -acids 

(B) T^TE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURES: 

{A} NAME/KEY: mi sc- feature 

(D) OTHER^INFORMATION: /note = Ala is cyclohexyl alanine 

(ix) FEATb-RES: 

(A) NAME/KEY: misc- feature 

(D) OTHER^INFORMATION: /note - Ala is alpha- aminobutyric aci 

{ix} FEATURES: 

(A) NAME/KEY: misc -feature 

(B) LOCATION: k 

(D) OTHER INFORMATION: /note = Met is S-methylcysteine 
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Ux) FEATURES: 

(A) NAME/KEY: rcisc -feature ' 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /note = Glu is substituted with-Edans 



(xi) SEQUENCE DESCRIPTION": SEQ ID NO: l^i: 

Pro Ala Ala Met Kis Ala Glu Gly Lys 
1 5 



(l6) INFORMATION FOR SEO ID NO: 15= 

{i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURES: 

(A) NAME/KEY: niisc- feature 

(B) LOCATION: 10 

(D) OTHER INFORMATION: /note = Glu is substituted with Edans 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

lie Thr Glu Gly Glu Ala Arg Gly Ser Glu He Lys 
1 5 10 



{17) INFORMATION FOR SEQ ID NO: l6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: aaiino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURES: 

(A) NAME/KEY: misc-feature 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /note = Glu is substituted with Edans 



Ui) SEQUENCE DESCRIPTION: SEQ ID NO: l6: 

Pro Gin Gly Leu Phe Ala Glu Ala Lys 
1 5 
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(18) INFORMATION FOR SEQ ID NO: 1?: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
(Bl TYPE: amino acid 
(Dl TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURES:- 

(A) NAME/KEY: misc-feature 

(B) LOCATION: 7 

(D) OTHER INFORMATION: /note = Glu is substituted with Edans 



{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Pro Gin Gly Leu Phe Cly Glu Lys 
1 5 



(19) INFORMATION FOR SEQ ID NO: l8: 

{i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide" 

(ix) FEATURES: 

{A) NAME/KEY: uiisc- feature 
(B) LOCATION: 5 

(D) OTHER INFORMATION: /note = Glu is substituted with Edans 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: l8: 
Pro Gin Gly Leu Glu Ala Lys 

1 5 



(20) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURES: 

(A) NAME/KEY: misc-feature 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /note = Glu is substituted wirh Edans 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Pro Gin Gly Leu Glu Gly Lys 
1 5 



(2i) INFORMATION FOR SEQ ID 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: peptide 

(ix) FEATURES: 

(A) NAME/KEY: misc- feature 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /note = Glu is substituted with Edans 



'■ (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

-■i Z Pro Gin Gly Ala Arg Gly Ser Glu lie Lys 
1,5 10 



(22) INFORMATION FOR SEQ ID NO: 21: 

ti) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
* ■■ ■ (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURES: 

(A) NAME/KEY: misc- feature 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /note = Glu is substituted with Edans 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 



Pro Arg Gly Leu Glu Ala Lys 
1 5 
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Claims 

1. Method for assaying a proteolytic enzyme comprising: 

(a) incubating an enzyme-containing sample with an immobilised fluorescence- 
quenched peptide having the formula 

Que-Sub-Flu-Spa-Car 
or 

Hu-Sub-Que-Spa-Car 

wherein 

Sub is a peptide chain containing a specific cleavage site for said proteolytic 
enzyme, 

Flu is a fluorophorc; 

Que is a quencher capable of absorbing fluorescent radiation emitted by the 
fluorophore; 

Spa is a direct bond or a spacing chain; and 

Car is an water-insoluble and/or macromolccular carrier; 

(b) optionally separating the liquid from the carrier material; 

(c) irradiating said carrier material and measuring fluorescence. 

2. Method according to claim 1 , wherein Flu is an aminonaphthalencsulphonic acid 
group such as Edans, and Ouc is an aminophcnylazobenzoyl group such as Dabcyl. 

3. Method according to claim 1 or 2, wherein Car is a polyacrylate or polyacr}'!- 
amidc. 

4. Method according to any one of claims 1-3, wherein Sub contains the amino, 
acid sequence Xab-Glu-Xad-Xac, wherein Xab is any amino acid, preferably Gly, Ala,. 
Abu, Val, Nva, Leu, Glu or Gin. Xad is any amino acid, preferably Gly, Ala, Abu, Val, 
Nva or Leu, and Xac is any amino acid, preferably Arg, Gly, Ala, Abu, Val, Nva or 
Leu, especially Arg or Gly, for assaying aggrccanase activity. 
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5. Method according to any one of claims 1-3, wherein Sub contains the amino 
acid sequence Xai-Asn-Phc-Xaj, wherein Xai is any amino acid, preferably Pro or 
Hyp, and Xaj is any amino acid, preferably Phe, Tyr, Trp or Cha, for assaying aggrccan 
dcgracition by matrix metalloproicinascs. 

6. Method according to any one of claims 1-3, wherein Sub contains the amino 
acid sequence Xad-Arg-Xaf-Xag, wherein Xad is any amino acid, preferably Gly, Ala, 
Abu or Val, Xaf is any amino acid, preferably Gly or Ala, and Xag is any amino acid, 
preferably Ser, Thr, Ala, Ahu or Hsc, or the amino acid sequence Xam-Xan-Xao-Glu, 
wherein Xam is any amino acid, preferably Arg, Lys, Om, His or Trp, especially Arg, 
Xan is any amino acid, preferably Gly, Ala, Abu or Val, especially Giy, Xao is any 
amino acid, preferably Ala, Abu, Val, Nva, Leu, NIc or He, especially Leu, for assaying 
matrix mctalloprotcinase-13 activity. 

7. Method according to any one of the preceding claims wherein said immobilised 
peptide is covalcnily or non-covalcntly bound to a solid support, such as a glass plate, 
for assaying proteinase activity in tissue sections. 

8. Immobilised substrate for assaying a proteolytic enzyme, containing a fluor- 
escence-quenched peptide having the formula 

Oue-Sub-Flu-Spa-Car 
or ' 
Flu-Sub-Que- Spa-Car 

wherein 

Sub is a peptide chain containing a specific cleavage site for said proteolytic 
enzyme; 

Flu is a fluorophorc; 

Que is a quencher capable of absorbing fluorescent radiation emitted by the 
fluorophorc; 

Spa is a direct bond or a spacing chain; and 

Car is an insoluble and/or macromolccular carrier selected from a glass or 
polymer bead, a glass plate, a microliter plate, a paper or synthetic polymer 
strip, or an acrylaic or acrylamide gel. 
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9. Labelled oligopeptide as a substrate for aggrcganasc activity comprising the 
amino acid sequence Xab-Glu-Xad-Xac, wherein Xab is any amino acid, preferably 
Giy, Ala, Abu, Val, Nva, Leu, Glu or Gin, especially Gly, Gin or Glu, Xad is any amino 
acid, preferably Gly, Ala, Abu, Val, Nva or Leu, especially Gly or Ala, and Xae is any 

5 amino acid, preicrably Arg, Gly, Ala, Abu, Val, Nva or Leu, especially Arg or Gly. 

10. Oligopeptide according to claiiTi 9, comprising the amino acid sequence Xaa- 
Xab-Giu-Xad-Xae-Xaf, wherein Xaa is Glu, Gin, Ala, Scr or Thr, and/or Xaf is Gly, 
Glu or Gin, and Xab, Xad and Xae are as defined in claim 8. 

11. Oligopeptide according lo claim 9, comprising one of the following sequences; 
10 Gly-Glu-Ala-Arg, Leu-Glu-Gly-Arg, Glu-Glu-GIy-Lcu, Gln-Glu-Ala-Gly and 

Gln-Glu-Leu-Gly, in particular the sequence Gly-GIu-Ala-Arg. 

-12. Labelled oligopeptide as a substrate for aggrcgan degrading activity by matrix 
mctalloprotcinascs comprising the amino acid sequence Xah-Xai-Asn-Phe-Xaj-Xak, 
wherein Xah is any amino acid, especially Ala, Abu, Val, Nva, Leu, Nle or, most 
15 especially, He, Xai is any amino acid, preferably Pro or Hyp, and Xaj is any amino acid, 
preferably Phe, Tyr, Trp or Cha, and Xak is any amino acid, especially Ala, Abu, Val, 
Nva, lie. Leu or, most especially, Gly. 

13. Labelled oligopeptide as a substrate for matrix mctalloprotcinasc-13 activity, 
comprising the amino acid sequence Xad-Arg-Xaf-Xag, wherein Xad is any amino 

20 acid, preferably Gly, Ala.-^Abu or Val, Xaf is any amino acid, preferably Gly or Ala, and 
Xag is any amino acid, preferably Scr, Th:, Ala, Abu or Hsc, in particular the sequence 
Ala-Arg-Gly-Ser. 

14. Oligopeptide according to claim 13 as a specific substrate for matrix mctallo- 
proteinase-13 activity, comprising the amino acid sequence Xac-Xad-Arg-Xaf-Xag, 

25 wherein Xae is an amino acid other than Glu, and Xad, Xaf and Xag are as defined in 
claim 13. 
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15. Labelled oligopeptide as a substrate for matrix mctall6proicinase-13 activity, 
comprising the amino acid sequence Xal-Xam-Xan-Xao-Xap-Xaq, wherein Xal is any 
amino acid, preferably Pio or Hyp, Xam is a Arg, Lys, Om, His or Trp, especially Arg, 
Xan is Gly. Ala, Abu or Val, especially Gly, Xao is any amino acid or a direct bond, 
preferably Gly, Ala, Abu, Val, Nva, Leu, Nle or lie, especially Leu, Xap is an amino 
acid capable of coupling to an amino group, preferably Asp, Aad or especially Glu» and 
Xaq is any amino acid, preferably Gly, Ala, Abu, Val, Nva, Leu, Nle or He, especially 
Ala. 

16. Oligopeptide according to any one of claims 9-15, having a fluorescent label, 
preferably also having a quenching group. 

17. Labelled oliogopcptidc as a substrate for matrix meialloproteinase-1 (interstitial 
collagcnase) activity, comprising the amino acid sequence Cha-Abu-Smc-His, 
preferably comprising the sequence Pro-Cha-Abu-Smc-His-Ala, to which a fluorescent 
label and a quenching group arc bound. 

18. Labelled oliogopeptidc as a substrate for matrix mctalloprotcinasc-3 
(stromclysin) activity, comprising the amino acid sequence Val-Glu-Nva-Trp, 
preferably comprising the sequence Pro-Val-Glu-Nva-Trp-Arg, to which Edans as a 
fluorescent label and Dabcyl as a quenching group arc bound. 

19. Oligopeptide according lo any one of claims 9-18, bound, optionally in multiple 
copies, to a water-insoluble carrier or protein. 
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